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Abstract 
For the actual implementation of new technologies such as CO2 capture and storage the development 
of social support can be crucial. Earlier research, however, showed that the majority of the general 
public is hardly aware of the possibility of CCS. To date however, few studies have repeated measures, 
in order to study how public awareness of CCS develops. This study therefore aims to investigate the 
development over time of public awareness of CCS, as well as the development over time of public 
knowledge and understanding of energy and climate and the relationship between these concepts. Our 
first survey of awareness and knowledge among the general Dutch public took place in 2004, the 
fourth in 2008. Overall, public awareness of CCS was found to be quite low. The knowledge tests 
revealed a very substantial part of the general Dutch public does not understand the relationship 
between current energy use and climate change. Knowledge levels on this topic did not increase 
between 2004 and 2008. Only awareness of CCS increased statistically significant, though not much. 
Almost half of the Dutch seemed to be still unaware of CCS by the end of 2008, despite the media’s 
attention for CCS and despite the plans for storage in Barendrecht being public for more than a year at 
this point in time. 
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1. Introduction 
As the Dutch government as well as the European Union have set themselves clear goals for the 
reduction of CO2 emissions into the atmosphere, significant efforts are being made by many to achieve 
the desired CO2 emission reduction targets. For the actual implementation of new technologies such as 
CO2 capture and storage the development of social support can be crucial. Earlier research however 
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showed that the majority of the general public is hardly aware of the possibility of CCS. For instance, 
Reiner et al. [1] compared awareness of CCS in large adult samples in the United States, the United 
Kingdom, Sweden and Japan. They found low awareness in all four countries, ranging from 22% of 
respondents confirming they had heard or read about CCS in Japan, to as little as 4% of respondents 
confirming this in the United States. A more recent study in Japan [2] showed similar results, with 7 to 
18% of respondents stating they know of CCS to some extent. In a survey of 900 respondents in 
Australia, 29.9% of respondents were able to give meaningful answers when asked what they 
understood about CCS [3]. A less representative but more recent Australian study confirmed those low 
average knowledge levels [4].  
To date however, no studies have repeated assessments regularly, in order to study how public 
awareness of CCS develops. Regularly repeating measures would add greatly to current insights about 
the development of public awareness regarding new energy technologies. Moreover, it would be 
crucial for effective public communication on CCS, to know how public awareness and knowledge of 
CCS are developing. Given recent attention in Dutch society for both climate change and CCS, as 
shown for instance by the significant increase in media attention for CCS in the Netherlands [5], the 
question furthermore arises if this is related to the development of public awareness. Does the increase 
in attention in the media reflect an increased interest from the general public in this topic, or does the 
general public’s awareness follow after attention in the media? Another possibility that is often 
speculated at, is that local CCS demonstration projects could increase awareness, not just locally, but 
nationally. Plans for the Dutch CO2 storage demonstration projects started to surface in the public 
domain early 2008. The question remains if this affected the awareness of CCS of the general public. 
The current study therefore aims to investigate the development over time of public awareness of CCS. 
A second question that is imperative to answer to gain understanding of the development of public 
perception of CCS, is not just whether the general public becomes more aware over time of CCS, but 
also how their knowledge and understanding of this mitigation option develops. Hearing about an 
option does not automatically imply knowing what it is or why it might be used. Therefore, this study 
furthermore aims to study the development over time of public knowledge and understanding of 
energy and climate and the relationship between these concepts. The first measure of awareness and 
knowledge among the general Dutch public took place in 2004, the fourth in 2008.  
  
2. Method 
Four surveys were administrated in 2004, 2005, 2007 and 2008. The first sample contained 333 
respondents of the general Dutch population, with distributions of age, gender, location and education 
reflecting the distributions in that population. The survey was administrated in December 2004. This 
survey measured both awareness and knowledge. Awareness of the greenhouse effect, CCS in general 
and six CCS technologies was measured by asking respondents per technology or phenomenon if they 
knew about this, and they could answer yes, a bit, or no (“Know about” is not a perfect translation for 
the Dutch version of this question, the Dutch version also comes close to “have you heard about”). 
Besides the greenhouse effect and carbon capture and storage, this question was asked in regards to six 
specific technologies using CCS, with short descriptions of, but no information about, the technology 
(see also Table 1).  To avoid order effects, the order of the awareness questions was varied. After this, 
twelve multiple choice questions were asked to test knowledge and understanding regarding current 
energy use, the nature of CO2, CO2 emissions from burning fossil fuels, the greenhouse effect, and 
climate change. English translations of these questions are provided in Table 2. 
The 2005 survey contained the same awareness and knowledge questions as the 2004 survey. The 
2005 sample contained 300 respondents of the general Dutch population, again similarly distributed.  
The survey was administrated in November 2005. The survey in 2007 was administrated in May 2007 
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to a sample of the general Dutch population, also again similarly distributed. This survey contained the 
same question about awareness of the greenhouse effect and similar questions about awareness of two 
technologies with CCS, but did not include the knowledge test that was in the 2004, 2005 and 2008 
surveys. The two technologies asked about in this survey where quite similar to two of the 
technologies with CCS asked about in the other surveys, but not exactly the same. The last sample 
contained 240 respondents and this sample also had distributions of age, gender, location and 
education reflecting the general population. The survey these respondents filled in was exactly the 
same as the 2004 and 2005 survey, except that only half of the 240 respondents of this sample received 
the knowledge test. The 2008 survey was administrated in September 2008.   
3. Results 
Overall, public awareness of CCS was found to be quite low, comparable to the low levels of 
awareness found in studies in other countries. Self-reported awareness of global warming is reasonably 
high, between 48.3 and 58.8% of people say they are aware of this, and between 40.4 and 50.2% states 
to know a bit. Much less people claim to be fully aware of carbon capture and storage, between 3.6 
and 10.4%. Between 20.2 and 46.7% of the people state to know a bit about CCS. The technology 
using CCS people were least aware of was Coal Bed Methane, with 7.3 to 15.0% of people stating to 
know a bit, and only 1.3 to 2.9% stating to be aware. Most of the percentages for the answers 
indicating awareness, either “a bit” or “yes” go up at least slightly. Statistical analyses were used to 
compare levels of awareness between the samples to test if these increases are significant. For each 
answering category, percentages respondents answering this category (for instance “yes”) were 
compared with the rest of the respondents who answered the other two categories (for instance “a bit” 
and “no”), then comparing this ratio between the samples with Pearsons’ Chi square tests. Percentages 
of awareness of five of the six technologies with CCS do not differ significantly between samples. 
Only the percentages of people answering “yes” to the awareness question regarding IGCC with CCS 
increase significantly, with percentages answering “no” decreasing significantly over time (2 = 
9.42/14.71, df’s = 2, p=.009/.001). Awareness of the greenhouse effect increased marginally 
significant, with only percentages for the answer “yes” increasing over time (2 = 6.09, df = 2, p=.048).  
Only awareness of CCS in general increases significantly in the sense that both percentages answering  
“a bit” and “yes” increase significantly over time (2 = 11.04/46.73, df’s = 2, p=.004/.001) and the 
percentages for the answer “no” decrease significantly over time (2 = 67.27, df = 2, p=.001) The 
increase, from 3,6% stating to know about CCS in 2004 to 10,4% in 2008, is statistically significant, 
but small in percentage points. Percentages of people answering “a bit” increase stronger, with 20.2% 
in 2004 and 46.7% in 2008.  
Table 1. Development over time: percentages for self reported awareness in four samples. Response 
categories were “no”, “a bit”, and “yes”. To avoid redundancy, “no” is left out 
Question Answer 
A bit Yes 
2004 2005 2007 2008 2004 2005 2007 2008 
IGCCa 28,1  31,7  37,1  4,3  8,3  10,8 
*** 
SOFCa 30,3  31,0  36,7  5,2  9,0  8,3  
|Hydro 
coalgasa 15,3  20,7  22,1  2,7  2,3  5,0  
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Hydro 
steamref 26,0  25,0  41,9* 26,5  4,4  5,7  6,9** 5,8  
ECBMa 7,3  12,0  15,0  1,3  1,7  2,9  
Membrane 
tech 22,3  23,7  27,1* 32,1  6,5  5,6  5,2** 4,6  
CCS a 20,2 32,3  46,7 
*** 
3,6  6,0  10,4 
*** 
Greenhousea 50,2  43,7  49,8 40,4  48,3 53,3  47,8  58,8 
*** 
* The comparison for “hydro steamref” and “membrane tech” between 2007 and the other years is not 
perfect because of the minor difference in the lay labels for this technology 
** The comparison for the answer “yes” between 2007 and the other years is not perfect because in the 
2007 questionnaire the answer was “yes, quite a bit” instead of just “yes”. 
*** Chi square test: p<.05. 
aAbbreviation in Table 1 - English translation of lay title shown to respondents: 
IGCC - Large modern coal fired power stations (for private and commercial use) with CO2 capture and 
storage 
SOFC - Conversion of natural gas into electricity (for private and commercial use) with CO2 capture 
and storage 
Hydro coalgas - Large coal fired hydrogen stations (for industrial use and for bus and freight transport) 
with CO2 capture and storage 
Hydro steamref - Conversion of natural gas into hydrogen in large plants (for private and industrial use 
and bus and freight transport) with CO2 capture and storage 
ECBM - Retrieval of methane gas by storing captured CO2 in coal beds 
Membrane tech - Conversion of natural gas into hydrogen (for motor vehicles) with CO2 capture and 
storage 
Knowledge questions 
The knowledge tests revealed a very substantial part of the general public does not understand the 
relationship between current energy use and climate change. Only slightly more than half of the 
respondents could answer correctly that with the current production of energy using gas in the 
Netherlands, CO2 is emitted in the atmosphere. And almost half of the respondents were unaware of 
the high percentage of fossil fuel being used in the Netherlands, guessing a much lower percentage.  
Analyses showed no increase in knowledge levels, with none of the 12 questions being answered 
correctly by higher percentages of respondents in later samples. 
Table 2. Development of knowledge over time: percentages correct answers on multiple choice items 
in three samples 
Question….correct answer 2004 2005 2008 
CO2, or carbondioxide is…. A greenhouse gas 62.1 64.7 67.2 
CO2, or carbondioxide is produced by… The burning of coal, gas or 
oil (among other things) 
87.2 86.7 84.4 
H
2
, or hydrogen, is….A gas that produces energy when its burned 63.9 62.0 53.3 
You get hydrogen…Out of other materials, but this takes energy 70.0 66.7 71.3 
The greenhouse effect causes…Warming of the global climate 90.5 95.0 92.6 
Is 95% of the current Dutch energy use produced with coal, gas and 
oil…Yes 
51.1 49.3 54.1 
With the current production of energy using coal in the 71.3 70.7 69.7 
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Netherlands…CO2 is emitted into the atmosphere 
With the current production of energy using gas in the 
Netherlands…CO2 is emitted into the atmosphere 
57.2 58.0 61.5 
Because of the CO2
  
that is emitted by the current production of energy 
with coal and gas….the greenhouse effect is enhanced 
75.8 72.3 74.6 
When the greenhouse effect is enhanced…The average temperature on 
earth will rise 
96.9 94.3 94.3 
When the emissions of CO2 will increase at the current rate, the 
average temperature on earth until 2050 will…Probably rise 1 to 5 
degrees Celsius 
65.1 63.3 63.9 
CO2 that is stored underground, for instance in empty gas fields, 
does….not contribute to the greenhouse effect 
47.4 49.0 54.1 
4. Discussion 
This study aimed to investigate the development over time of both public awareness of CCS, as well as 
of public knowledge and understanding of energy and climate and the relationship between these 
concepts. The first survey of awareness and knowledge among the general Dutch public was 
administered in 2004, the fourth in 2008. Similar to what has been found in other countries in recent 
years, public awareness of CCS was found to be quite low in the Netherlands. Knowledge levels on 
this topic did not increase between 2004 and 2008. Only awareness of carbon capture and storage 
increased statistically significant, though not much in percentages; the biggest increase was the 
percentage of people stating to know “a bit” about CCS, from 20.2% in 2004 to 46.7% in 2008. 
Specifically this question was also asked in a more recent study [6]. A representative sample of the 
general Dutch public (N=1109) was asked the question if they had heard about CCS. The percentages 
found in this study, conducted end of 2009, resemble the findings in the samples of 2004, 2005 and 
2008. However, like the latter samples show specifically for this question, there seems to be a trend 
toward less people answering they have “never heard of” CCS. In 2008, we found 42,9% said they had 
never heard of CCS, and 46,7% states to know a bit. In the 2009 sample from Terwel et al, 50% states 
they have never heard of CCS, and 44,5% states to know a bit. Although the percentages awareness 
seem to go down slightly from 2008 to 2009, it should be noted that these differences are small, and 
the percentages awareness in the Terwel et al study are still higher than in 2004 and 2005. Overall, it 
can be concluded that awareness levels of carbon capture and storage do go up, though not very 
steeply; half of the population still states not to have heard of it. 
The knowledge tests revealed a very substantial part of the general Dutch public does not understand 
the relationship between current energy use and climate change. Moreover, later samples did not do 
better on the same knowledge questions, so there seems to be no increase in the percentage of the 
general public that understands this relationship. This has several implications. For one, understanding 
of global warming should not be assumed amongst the majority of the general public. It seems that 
because of the great amount of attention for this topic in both the media and politics, everybody should 
know by now what it is about. This study clearly shows that such an assumption is incorrect. This is 
very important to keep in mind for both professionals and policymakers working in the field of climate 
change and energy transition. Often, communication about energy technology starts there, at the 
energy technology. However, the results from this study imply that communication should start before 
that, to explain our current energy use and why this is not sustainable without consequences. Another 
implication is that if the vast majority of the general public is to understand the basics of global 
warming and energy transition, other channels of communication will be necessary on top of current 
communication. This study shows the lack of effect of media attention for this topic with a substantial 
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part of the general population in the Netherlands. Examples of how to inform these people can be 
found in the area of public health education campaigns. 
The discrepancy between media attention for CCS and public awareness of CCS is also striking. 
Almost half of the Dutch seemed to be still unaware of CCS by the end of 2008, despite the media’s 
attention for CCS and despite the plans for storage in Barendrecht being public for more than a year at 
this point in time. This shows that prevalence of CCS in the media cannot be taken as a measure or 
predictor for general public awareness. But this discrepancy also indicates that there are challenges 
ahead for any public debate on CCS. The public’s information need should be investigated in more 
detail than was the purpose of the current study. Both authors are currently working on such studies. 
But defining the public’s information need is one thing, communicating is another. For effective 
communication, or more preferably, participation in local or public debates, more factors such as trust 
and procedural justice will play a role, and even perfectly fitted, balanced and objective information 
from all kinds of experts will not be sufficient [7,8,9,10]. 
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